TIRE FOR SKEW REDUCING ROLLER 



Field of the Invention 

This invention relates generally to roller assemblies for transporting sheet 
5 materials such as paper in printers, copiers or the like, and more particularly, to a 
tire for a roller that can be used in a roller assembly to reduce the tendency of 
paper to skew while being transported by the roller assembly. 
Background of the Invention 

Roller assemblies, including tires disposed at longitudinally spaced apart 

10 locations on opposed shafts and arranged to contact one another at a nip are 

commonly used to transport paper or other sheet materials in printers and copiers. 
Normally, such tires are either hard and relatively non-compliant in which case 
they must be very precisely aligned and spaced to transport substrates effectively, 
or, the tires are soft and compliant so that they run in a compressed state thereby 

15 reducing the requirements for accurate alignment and spacing. 

To accommodate substrates of varying width, it is common to provide a 
pair of shafts each of having a plurality of tires thereon. The longitudinal spacing 
between the tires is set so that the narrowest substrate is transported by at least 
two tires, wherein additional tires contact progressively wider substrate. 

20 Typically, the shafts are supported only at their ends. If non-compliant 

tires are used, not only must the shafts be maintained in a precisely parallel 
orientation, but the shafts must be sufficiently rigid to preclude the shaft fi-om 
bowing, even as the substrate passes through the nip. Providing such shafts that 
are sufficiently straight and rigid, and aligning the shafts is difficult and increases 

25 cost while decreasing the reliability of transport mechanisms using non-comphant 
tires. 

In an effort to overcome these problems, comphant tires that significantly 
deform at the nip have been employed. When confronting compliant tires deform, 
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the radius of the tire changes and this reduces the speed at which the substrate is 
transported through the nip. When multiple comphant tires are mounted on a 
single shaft, and the spacing between the shaft is not uniform across the length of 
the shaft, or the amount of compression of the compliant tires differs from one tire 
5 set to the next, speed differentials between the tire sets are created that cause the 
substrate, such as the paper to skew. 

Compliant tires have another disadvantage. Because the compliant tires 
contact the paper at a contact patch that has different radii relative to the shaft 
across the length of the contact patch, the speed of the tire surface relative to the 

1 0 shaft changes while the tire contacts the substrate and this creates a scrubbing 
action between the tire and the substrate that scuffs the paper and wears the 
surface of the tire. Scuffing of the substrate is particularly troublesome when 
printed or copied images are present on the substrate or with substrates that will 
be printed after transport. Printing is adversely effected by damage to the surface 

1 5 caused by scuffing. 

Thus, both known tire constructions, compliant and non-compliant, create 
problems. Non-compliant tires must be very precisely manufactured and aligned. 
Tolerances in shaft spacing of .002" are generally considered to be required. 
Non-compliant tires require hand installation and mounting, which fiirther 

20 increases costs. In addition, the criticality of alignment requires frequent 

maintenance. While compliant tires place less strict requirements on alignment, 
the compliant tires introduce the problems of skewing and scuffing. 

Therefore, a need exists for a sheet material transport system that 
overcomes these problems, reduces wear on the tires and scuffing of the paper, 

25 and is easy to manufacture and maintain in alignment. There is a further need for 
a roller that can be readily manufactured to include a plurality of tires. A need 
also exists for a roller that provides the advantages of non-compliant tires and 
compliant tires without the associated disadvantages. 
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Summary of the Invention 

The present invention provides a roller for transporting a sheet material 
substrate along a path, wherein skew and scuffing of the substrate is reduced. As 
used herein, skew is generally defined as the turning of a sheet by the transport 
5 assembly to a non-aligned orientation. Typically, the skew results in the direction 
of the travel of the sheet being non-parallel to a corresponding axis, or dimension 
of the sheet. That is, if the sheet is rectangular with the longitudinal axis parallel 
to the travel path, skew results, as the longitudinal axis becomes non-parallel to 
the travel path. 

10 Briefly stated, the present invention encompasses a roller including a shaft 

and at least one tire moxmted on the shaft, the tire having a compliant core and a 
substantially non-compliant layer on the core. 

In a preferred construction of the roller and in an unloaded (concentric) 
state, the shaft, the compliant core and the non-compliant layer are concentric. 

1 5 Upon operable loading of the roller, the shaft is offset to an eccentric position 

with respect to the compliant core and the non-compliant layer. As the compliant 
core extends between the shaft and the non-compliant layer, the amount of offset 
is accommodated by the compliant core. Thus, a portion of the core is 
compressed and a separate portion of the core is expanded or stretched. The 

20 effective axis of rotation of the non-compliant layer and the compliant core 

remains concentric upon imposition of the offset. However, as the shaft is offset 
from the concentric axis, the portion of the compliant core intermediate its shaft 
and the nip is compressed, while the diametrically opposed portion of the 
compliant core is stretched. 

25 Thus, for a given radius of compliant core extending between the shaft and 

the non-compliant layer, the radius will shorten as it rotates to a position between 
the shaft and the nip. Further rotation will cause the radius will return to the 
concentric radius dimension. Upon continued rotation, the radius will then 
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elongate as it becomes diametrically opposed to the nip. Upon further rotation, 
the radius will then shorten to the concentric radius length. Finally, the radius 
will shorten to be less than the concentric radius length upon rotating between the 
shaft and the nip. 

5 In accordance with another aspect of the invention, the compliant core 

includes a foam material, and preferably an open cell material. In accordance 
with another aspect of the invention, the non-compUant layer comprises a layer of 
elastomeric material. In one construction of the non-compliant layer, the layer 
has a durometer of less than 60 Shore A. 
10 Brief Description of the Drawings 

Figure 1 is a drawing of a paper transport mechanism employing the 
present roller assemblies. 

Figure 2 is a side view of a roller for use in a paper transport mechanism. 
Figure 3 is a side view of a roller showing an offset to provide operable 
1 5 loading of the roller. 

Detailed Description of the Preferred Embodiments 

Referring to Figure 1, a roller assembly 10 for transporting a sheet of 
material such as a sheet of paper 12, an image forming substrate or the like is 
shown. The roller assembly 10 encompasses a roller 20 having a shaft 30 and a 
20 tire 40 affixed to the shaft. Typically, the roller assembly 10 includes a roller 20 
and an opposing surface for forming a nip. The opposing surface can be a roller 
20, a drum, a sleeve or sufficiently lubricious material to preclude grabbing of the 
substrate. 

Assemblies of the type described are commonly found in printers, copiers, 
25 and fax machines, scanners, fabric printers and similar devices. However, it 
should be understood that the roller assembly 10 is not limited to any particular 
device or even to the devices just mentioned but is usefiiUy employed in any 
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application where it is necessary to move sheets of material from one location to 
another. 

As show in Figure 1, the roller assembly 10 includes two sets of generally 
parallel rollers 20 with corresponding shafts 30 supported on bearings, (not 
5 shown) and driven by a drive mechanism 14. Each of the rollers 20 has a 
plurality of tires 40 mounted thereon. 

The shafts 30 are preferably made of steel but one of the advantages of the 
invention is that the shafts need not be completely straight and therefore can be 
made of a material other than steel such as alimiinum, plastic composite, or the 

10 like. It is believed variances in straightness of the shaft 30 of 0.03 inches per 

linear foot can be accommodated by the present construction. Plastic shafts may 
flex more than steel shafts of the same size but the tires 40 of this invention 
accommodate such flex without significantly increasing skewing of the paper 12. 
The tires 40 are arranged in confronting pairs and spaced along the respective 

15 shaft 30 so that sheets of material 12 transported by the roller assembly 10 engage 
at least two tires for maintaining the alignment of the material passing through the 
transport assembly. 

Typically, the shafts 30 are supported by bearings or the like, wherein the 
bearings are adjustable to maintain the shafts in a parallel relation and to maintain 

20 the spacing between the shafts at a designed value so as to minimize skew. The 
shafts 30 can be biased or loaded to urge the opposing rollers 20 into contact. 
Typical loading can be accomplished by springs, hydraulics or cams. Thus, the 
roller 20 is biased at the nip. The roller is thereby placed in a loaded or biased 
position. 

25 Figure 2 is a side elevation of a roller assembly showing the tire 40 for use 

in a roller assembly 10. The arrangement of the roller assembly 10 of this 
invention is substantially that shown in Figure 1 combined with the roller 
construction shown in Figure 2. 
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In its simplest form, a tire 40 for the roller includes the compliant core 44 
surrounding the shaft 20, and the layer of non-comphant material 48 surrounding 
the compliant core. Although not required, a hub can be located intermediate the 
comphant core and the shaft. The hub can be a relatively rigid sleeve and formed 
5 of a variety of materials including, but not limited to metal, plastic or composites. 
The hub can be used to reduce the amount of compliant material necessary to fill 
the annular space between the shaft 20 and the non-compliant layer 48. 

The tire includes a comphant core 44 and an outer non-compliant layer 48. 
The compliant core 44 is affixed about the shaft, or a hub, and the non-compliant 

10 layer 48 is disposed about the compliant core, so as to surround the core. In a 
preferred construction, the comphant core 44 is fixedly attached relative to the 
shaft and the non-comphant layer 48 is fixedly attached to the compliant core. 

A tire 40 that deforms significantly at the nip is referred to as a compliant 
tire, whereas a hard tire, which does not deform significantly at the nip, is 

15 understood to be non-comphant. It is recognized that all tires deform to some 
extent but the distinction between compliant and non-compliant tires is well 
understood by those skilled in the art and useful in describing this invention. As 
used herein, compliant means having a tendency to deform significantly in use in 
a roller assembly 10, while non-comphant means having a tendency to deform no 

20 more than insubstantially in use in a roller assembly. It should be recognized that 
in an absolute sense, all materials are more or less compliant and that as used 
herein, material is comphant or non-compliant depending on the extent to which it 
deforms in the transport mechanism of the invention. Preferably, the material 
forming the compliant core provides for an amount of shear, in contrast to the 

25 non-compliant material, which exhibits substantially no shear. 

It is understood the tendency of a material to exhibit the characteristics 
referred to herein as compliant or non-compliant depends on the structure and 
materials used for the other elements of the invention. That is, the relative 
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hardness of the two materials used to construct a tire 40 in accordance with the 
invention will determine the extent to which each material deforms during use and 
therefore the extent to which each material is either compHant or non-compliant. 
If a very soft material is used for the core 44 of the tire 40, and that material has a 
5 tendency to deform easily in use, then a moderately hard material can be used for 
the non-compliant layer 48 without exhibiting any substantial deformation in 
ordinary use in a roller assembly in accordance with the invention. When a 
harder compliant core material, which resists deformation is used, a harder layer 
of non-compliant material can be used to substantially eliminate deformation. It 

10 will be appreciated that the relative hardness of the materials as well as the 

characteristics of the materials themselves determines whether the materials will 
be compliant or non-compliant as those terms are used herein. In addition to the 
absolute and relative hardness of the materials, the thickness of the compliant core 
44 and non-comphant layer 48 also effect the extent to which deformation occurs 

15 during use. For example, a relatively thick compliant core 44 will deform more 
than a thinner compliant core made from the same material. Similarly, a thicker 
non-compliant outer layer 48 will deform less than a thinner non-compliant outer 
layer made from the same material. 

The non-compliant layer 48 is selected to exhibit a cross sectional profile 

20 in an unloaded state, wherein the profile is substantially precluded from changing 
during operation. That is, as the shafts 20 are biased, thereby urging opposing 
tires 40 against each other, while the complaint core is sequentially stretched and 
compressed upon operable loading the profile of the non-compliant layer 48 is 
unchanged in that it does not deform at the nip. 

25 The outer most surface of the tire must also provide a sufficient coefficient 

of fiiction to effectively fransport the sheet material 12. In applications where 
paper is transported, the non-compliant layer 48 is preferably a natural or 
synthetic elastomer such as rubber or a synthetic polymer. Preferably, the surface 
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of the non-compliant layer 48 has a durometer not greater than approximately 60 
Shore A, so as to provide a suitable coefficient of fiiction relative to a sheet of 
paper. More preferably, the non-compliant layer 48 has a hardness between 35 
and 60 Shore A. 

5 In one embodiment, the non-compliant layer 48 is a relatively rigid metal 

or plastic tube. The tube can have a thickness of about .020 inches or greater. 
The outer surface of the tube is preferably roughened or coated with a high co- 
efficient of friction material. The coating should preferably be relatively thin 
compared with the radius of the compHant core 44. A thin coating having a 

1 0 thickness of about of .020 inches has been found effective. Additional layers of 
material can be applied to the outside of the non-compliant layer 48 to enhance 
the ability of the roller 40 to transport particular materials. For example, a 
relatively thin layer 52 of soft material such as a soft rubber maybe applied to the 
outside siu-face of an otherwise slippery non-compliant layer 48. Preferably, the 

1 5 soft rubber layer is sufficiently thin to preclude any deformation which introduces 
a significant change in the circumference or deformation of the tire 40 and hence 
tendency to produce scrub. 

The non-compliant layer 48 is selected to minimize any circumferential 
elongation upon loading or in use. That is, the circumference and cross sectional 

20 profile of the non-compliant layer 48 is constant. In contrast, the inner compliant 
core may experience a circumferential elongation (shear) in use as well as radial 
expansion and contraction. However, this elongation (shear distortion) and 
expansion/contraction is not transmitted to the sheet material 12, as the non- 
compHant layer 48 is disposed at an intermediate position. 

25 The tire 40 is moimted to the shaft 20 by affixing the compUant core 44 

relative to the shaft, or hub if used. The non-compliant layer 48 is affixed relative 
to the compliant core 44. In the unloaded position, the shaft 30, the compliant 
core 44 and the non-compliant layer 48 are concentric. 



upon operable location of the roller 20, and hence tire 40, the shaft 30 is 
offset firom the concentric position to an offset position. The amount of offset is 
termed the offset distance. 

The loading or bias necessary to maintain the offset is such that upon 
5 rotation of the shaft 30 the loading force on the shaft remains substantially 

constant. It is understood the loading force can increase when a substrate passes 
through the nip. However, the loading of the shaft 30 can be selected to 
accommodate the increase associated with passage of a substrate through the nip. 
The present tire 40 and roller 20 can accommodate any type of loading or biasing 
10 structure. 

Therefore, upon loading (and during operation) for a given location on the 
non-compliant layer 48 the radius between the shaft and the given location 
continuously varies as the shaft and hence non-compliant layer rotates. The 
mechanism to accommodate the continuously changing radius is the complaint 

15 core 44, which is sequentially stretched and compressed as the tire 40 is rotated. 
Specifically, the radius between the shaft 30 and the non-compliant layer 48 is a 
constant concentric radius prior to loading, biasing or offsetting the shaft. Upon 
operable loading, the shaft 30 is displaced fi'om the concentric position by the 
offset distance. Thus, during operation, while the diameter of the non-compliant 

20 layer 48 remains constant, the radius to the shaft varies from the concentric radius 
to the concentric radius plus the offset distance, to the concentric radius, to the 
concentric radius minus the offset distance, then to the concentric radius. 

Therefore, upon rotation of the tire 40 in the loaded state, a given annular 
section of the compliant core 44 continually varies in cross sectional area. In 

25 contrast, the cross sectional area of an annular segment of the non-compliant layer 
48 has a smaller variation in cross-sectional area, and preferably has a constant 
cross sectional area upon rotation in the loaded state. 
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Because the compliant layer core 44 continuously flexes during operation, 
heat is generated within the core. Therefore, a foam material, and preferably an 
open cell foam material can be used. Foam material has relatively low thermal 
hystersis and therefore generates relatively little heat when it is repeatedly flexed. 
5 Open cell foam material dissipates heat more easily than closed cell material and 
therefore is most preferred when used in a high speed or high-pressure 
application. 

Referring to Figure 3, upon operation in the compressed state, the non- 
compliant layer 48 forms a nip that is significantly more curviHnear than a 
1 0 comparable nip formed by the material of the compliant core. A substantial 
portion of the bias resulting from offset of the shaft is concentrated in the 
compliant core. As the non-compliant layer 48 maintains its circumferential 
dimension and configuration upon operable loading, the resulting speed of the tire 
surface is constant. 

1 5 The compliant core 44 and the non-compliant outer layer 48 are preferably 

selected so that they can be easily attached to the respective surfaces. While a 
variety of techniques can be used, it has been foimd that the layers can be glued 
together. That is, the foam compliant core 44 can be glued to a hub adapted to be 
attached to the shaft and the non-compliant layer 48 can be glued or bonded to the 
20 outside of the comphant layer 44. 

Alternatively, the non-compliant layer 44 can be extruded, the hub 
positioned therein, and the foam compliant layer 44 formed in place in the 
annulus between the hub and the non-compliant layer 48 using techniques well 
known to those skilled in the art. As another alternative, the compliant and non- 
25 compliant layers 44, 48 can be co-extruded directly on a hub 50. 

While a variety of different materials can be employed in roller assemblies 
in accordance with this invention, applicant has successfully used 4 Ih/fV' thermal 
reticulated polyester urethane with a 100 cells per inch count as the material for 
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the compliant core 44. A variety of materials can be used for the non-compliant 
layer 48. Applicant has successfully employed an EPDM having a hardness of 60 
Shore A as the material for the non-compliant layer. The particular monomer is 
available from Ten Gate Enbi as No. 16.45.01.1. 
5 Example 1 -Compressed Nip Test 

A tire 40 in accordance with this invention was constructed having a 
compliant core 44 constructed from 4 Ib/ft^ polyurethane foam glued to a hub. A 
.160" thick layer of synthetic elastomer having a 60 durometer the Shore A was 
glued to the outside of the core. 

10 A test fixture was constructed as a 1" diameter x 12" long steel idler roller. 

A pair of tires 40 constructed as described were attached to a 12" long .375" 
diameter shaft 20 spaced from the 1" steel roller. The shaft 20 carrying the tires 
40 was adjusted so that the tires bore against the 1" steel shaft and deflected 
.050". The tires were driven at 100 rpm for 120 hours and the foam and glue 

15 were then visually inspected. No damage or wear was observed to any of the 
parts. 

Example 2-Radial Torque and Compressed Nip Test 

The idler roller was removed and a wood block was substituted. The 
wood block was arranged on the end of a lever arm to apply 12 oz. offeree 

20 between the surface of the block and the surfaces of the tires. The tires 20 were 
rotated for 120 hours at 100 rpm and the tires were visually inspected. The glued 
interface between the compliant core 44 and the non-compliant outer layer 48 was 
not damaged. The outer surface of the non-compliant layer 48 showed a loss of 
.012" in radius due to wear caused by rubbing on the wood block. 

25 Example 3-Paper Skew Test 

A test fixture was arranged with two tires spaced 4.00" apart on the .375" 
diameter shaft. The shaft was adjusted relative to the 1" steel idler roller so that 
one of the idler tires was offset, compressed .050" while the other roller was 
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offset, compressed .010". This produced a difference in compression of .040". A 
sheet of paper 8" wide and 1 1" long was aligned against a paper edge guide and 
run through the nips between the two driver tires and the idler tire. The distance 
from the edge of the paper to the paper edge guide downstream of the drive 
5 mechanism was measured. The test was repeated 10 times and the total variation 
over the 10 tests was .009". The average of the 10 tests showed skew below a 
measurable amoimt. The test was repeated with opposite compressions and with 
equal compressions and produced substantially the same results. 

While the invention has been described in connection with the presently 
10 preferred embodiment thereof, those skilled in the art will recognize that many 
modifications and changes may be made therein without departing from the true 
spirit of the scope of the invention which accordingly is intended to be defined 
solely by the appended claims. 
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